a2 United States Patent
Yoshie

US009293113B2

US 9,293,113 B2
Mar. 22, 2016

(10) Patent No.:
(45) Date of Patent:

(54) IMAGE PROCESSING APPARATUS AND

CONTROL METHOD THEREOF
(71)  Applicant: CANON KABUSHIKI KAISHA,
Tokyo (JP)
Ryoji Yoshie, Tokyo (JP)

(72) Inventor:

(73) CANON KABUSHIKI KAISHA,

Tokyo (JP)

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 33 days.

Assignee:

Notice:

")

@
(22)

Appl. No.: 14/274,324

Filed: May 9, 2014

Prior Publication Data

US 2014/0333659 Al Nov. 13, 2014

(65)

(30) Foreign Application Priority Data

................................. 2013-101114

May 13,2013 (IP)
(51) Int.CL

G09G 5/02
(52) US.CL

CPC

(2006.01)

G09G 5/02 (2013.01); GOIG 2320/0606
(2013.01); GO9G 2320/0666 (2013.01)

(58) Field of Classification Search
CPC GO09G 2320/0666; GO9G 2320/0626;

08 |

0.6

0.4

0.2

0.0

GO09G 2320/0693; GO9G 2320/0673; GO9G
2320/0276; G09G 2320/066; G09G 2320/08,;
GO09G 2340/06; G09G 5/06; G09G 2320/0242,
GO09G 2320/0285; GO09G 2320/02; GO9G
3/3406; GO09G 2320/0233; G09G 2320/06

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
6,466,334 B1* 10/2002 Komiyaetal. ........... 358/1.9
7,009,640 B1* 3/2006 Ishiietal. ............ 348/223.1
FOREIGN PATENT DOCUMENTS
Jp H06-333001 A 12/1994
Jp 2005-109583 A 4/2005
Jp 2009-089364 A 4/2009

* cited by examiner

Primary Examiner — Jeftrey Chow
(74) Attorney, Agent, or Firm — Cowan, Liebowitz &
Latman, P.C.

(57) ABSTRACT

An image processing apparatus includes a storage unit con-
figured to store respective profiles representing visual char-
acteristics of each of a plurality of persons; and a correction
unit configured to perform color correction processing on
image data on the basis ofthe plurality of profiles correspond-
ing to the plurality of persons stored in the storage unit.

16 Claims, 15 Drawing Sheets

»
>

ax

"00 02 04

T
06

0.8 10 12

> PERSONAL CHROMATICITY COORDINATE VALUES OF OBSERVER A
0 PERSONAL CHROMATICITY COORDINATE VALUES OF OBSERVER B

A PERSONAL CHROMATICITY COORDINATE VALUES OF OBSERVER C
O PERSONAL CHROMATICITY COORDINATE VALUES OF OBSERVER D

X GROUP CHROMATICITY COORDINATE VALUES



US 9,293,113 B2

Sheet 1 of 15

Mar. 22, 2016

U.S. Patent

SNLYYVddY Av1dSIa
ﬁ o
ﬁmﬁ%wmgw LINN LNdNI NOILYY3dO
AJOWIN NIV
Ndo O N NO! Smmmo\w SN NOILYHANTO ||E=) 1INN 39VHO0LS
NI c0L N bl 371404d dNoYS || I11404d TYNOSHad
¥0102 = —
2l Al
LINN TOHLNOD
NYHD0Yd vyl v gl
VST LINN NOILYH3NTD LINANOILOTFT3S
371404d TYNOSH3d YIAYISE0
NYHO0Hd ONISSIOONd 0109 = 1))
N \
€0 LINN 3OVHOLS ol
0d \
(-
NN o
[ DOl



U.S. Patent Mar. 22, 2016 Sheet 2 of 15 US 9,293,113 B2

FIG. 2

$201 —
SELECT OBSERVERS
$202
GENERATE PERSONAL__ YES
PROFILE? 5203 L 4
~\|  COLOR MATCHING
EXPERIMENT
S204 7
5205 —\|" sELECT SAMPLE COLOR RECORD PERSONAL
» PROFILE
S206 DETERMINE PERSONAL |
N CHROMATICITY
COORDINATE VALUES
v
$207 DETERMINE GROUP
\ CHROMATICITY
COORDINATE VALUES
$208 ¥
NO \ PROCESSED FORALL
SAMPLE COLORS?
$209 —
GENERATE GROUP PROFILE
5210 v
\ COLOR CORRECTION
PROCESSING

END



U.S. Patent Mar. 22, 2016 Sheet 3 of 15 US 9,293,113 B2

FIG. 3

(% SELECT OBSERVER Lx J]

SELECT | OBSERVER NAME

O00DO0OK KKK
I Mmoo W >




U.S. Patent Mar. 22, 2016 Sheet 4 of 15 US 9,293,113 B2

h
L

FIG. 4
100



US 9,293,113 B2

Sheet 5 of 15

Mar. 22, 2016

U.S. Patent




U.S. Patent Mar. 22, 2016 Sheet 6 of 15 US 9,293,113 B2

0.0 100
08 104
1.0 105
1.2 106
1.5 108

60.0

80.0
1000 120 {09

0.0
20.0
40.0

1.5

1.
1.

0.0 | 0.0
03 0.2
08 106
1.0 11.0
1.2
1.4

0.0
20.0
40.0

0.0
0.0
100.0

1.2
1.5
1.6

1.5 120

0.0 0.0
1.
1.0

0.2
0.4
0.8

0.0
20.0

40.0
60.0
80.0
100.0

1.0
1.2
1.5

1.0 [ 0.6
1.6 | 0.7

2.0
2.5

00100
100.0 1 3.0

0.0
20.0
40.0
60.0
80.0

00100
0.0 100
0.0 {0.0

0.0 0.0
0.0 100
100.0 {0.0 1 0.0

0.0
20.0
40.0
60.0
80.0




U.S. Patent Mar. 22, 2016 Sheet 7 of 15 US 9,293,113 B2

FIG. 7

b *x

1.2

0.8
L R X o
04 | o)

(/] R — A

0.0 T l T T ! T
0.0 0.2 04 0.6 0.8 1.0 1.2
> PERSONAL CHROMATICITY COORDINATE VALUES OF OBSERVER A

O PERSONAL CHROMATICITY COORDINATE VALUES OF OBSERVER B
A PERSONAL CHROMATICITY COORDINATE VALUES OF OBSERVER C
O PERSONAL CHROMATICITY COORDINATE VALUES OF OBSERVER D

X GROUP CHROMATICITY COORDINATE VALUES

P ax




US 9,293,113 B2

Sheet 8 of 15

Mar. 22, 2016

U.S. Patent




U.S. Patent Mar. 22, 2016 Sheet 9 of 15 US 9,293,113 B2

1.0

1.1

1.2
1.2
14
1.5

0.3
0.6
0.8
0.9

1.0
1.2
1.4
1.6
1.8

0.8
2.0
2.2

0.3
0.6

0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

10.0
20.0
30.0
40.0
50.0
60.0
70.0
80.0
90.0
100.0




US 9,293,113 B2

Sheet 10 of 15

Mar. 22, 2016

U.S. Patent

SNLYNYddY AVIdSIA SNLY¥YddY ONISVAI
ﬂ N 002 ﬂ N 00€
7 ¥
LINA LGN LINM TOMLNOD
AMOWaN
Ndd YA am_@okm%% NOLLYY3dO SNLYNYddY
H N o1 H/ ™ H — g H 901 L0LL
TINA LINN 39va01s | [ INn Nmod TIND
NOILOTHHOD P S+ ﬁp%mmmwﬂw@ = 37H04d ONIMONNYN || NOILYNINE3L3a
010D TYNOSY3d N3AN3SE0 || 3nTvA NOILYIATE
* 1l o * — o0 4 — o0l
LINA TONLNOD
NYHOOHd 0 \.IN:. 0 /|©S\ 0
Ao LINA NOILYSENTO LINN NOILOT13S LINM NOILO3L3a
T1140%d TYNOSH3d HIAYISEO NOSH3d
NYHO0Yd ONISSIDONd 40100 11} N z001
— £0} 1INN 3OVHOLS /.l 20}
9d /
_—
0, o
0l 94




U.S. Patent Mar. 22, 2016 Sheet 11 of 15 US 9,293,113 B2

FIG. 11

100
200 \
\ 300 -\ |

\

DISPLAY SURFACE

PERSON BERSON
A
B
PERSON
D



U.S. Patent Mar. 22, 2016 Sheet 12 of 15

US 9,293,113 B2

FIG. 12
START
$1201
\ DETECT FRONTAL
OBSERVER CANDIDATE
$1202
\J SELECT USER-SELECTED
PERSONS
$1203
GENERATE PERSONAL _ YES
PROFILE?
$1205
51206 —— NO
SELECT SVALL DEVIATION COLOR MATCHING
OBSERVER CANDIDATES EXPERIMENT
§1207 — ¥ $1204
N\
NA%%%LVS\?E%%WN RECORD PERSONAL
’l PROFILE
1
51208
SELECT SAMPLE COLOR
$1209 — v
DETERMINE PERSONAL
CHROMATICITY
COORDINATE VALUES
v
$1210 DETERMINE GROUP
N CHROMATICITY
COORDINATE VALUES
51211 v
NO \ PROCESSED FORALL
SAMPLE COLORS?
51212 — VEs
GENERATE GROUP PROFILE
$1213 y
\J COLOR CORRECTION
PROCESSING

END




US 9,293,113 B2

Sheet 13 of 15

Mar. 22, 2016

U.S. Patent

90- | SV | 00 | 60 ) 0c | 00 | SV | ¥b [ 00 | 0T | S | 00 G | o¢ | 0000} 00} 000
PO- | vV L 00 | 60 ) £V L 00 ) Vb€ 00 | ZV [ Th | 00 ¥ 8T | 00 00]00] 006
¢0- | ¢V | 00 | 80 | G100 O] ¢h | 00| 9V 0Fb | 00 2b | ST | 00 j00]00[ 008
€0- | 80 | 00 [ 20 ] €11 00 | OV ] bb 00 | ¥ | 60 00 VL] VT | 00 00]00] 00
€0- 1 90 1 00 | 90 | ¢} | 00 | 0Op | 0 | 00 | G| 804 00 0b | 0T | 00 ]00]00] 009
pO- ] ¥0 | 00 | S0 | V1 | 00 | 80 ) 60 | 00 | €1 | S0 | 00| 60 | L) | 00 |00]00] 008
§0- 1 €0 1 00 1 S0 | 0} | 00 | 90 ) 80 | 00 | ¢} | #0 | Q0| Zo | 9 | 00 0000 00
¢0- | ¢0 ) 00| G0 | 601 00 | €0 ] #0 | 00 | VI | €0 00| L0 | TV | 00 |00]00] 00
O~ | V0 | 00 ) #¥0 | 80 | 00 | 0 | €0 | 00 | O | 0 | 00| 90 | OV | 00 (00]00] 002
VO] V0 1 00 20| ¥0 | 00| b0 ] 20 | 00| 90 | V0 [ 00| €0 | 20 | 00 [00] 00| 00




293,113 B2

US9

Sheet 14 of 15

Mar. 22, 2016

U.S. Patent

JLYAIONY 3LYQIaNY9 JLYAIONY? JLYAIONY9 [0S
- ¥3ANSA0 HETVER:) ¥IAY3890 RELMER:N) NOLLYMIRL30
NOLLVIAZG TTYWS | NOILYIAIQ TIVINS | NOILVIAJGTIVWS | NOILYIAIQ TTVMS

(39vH3AY)

V9g | LTy | 005 | L6y | 665 | 005 | S05 | 0Ly | 005 | €09 | ¢¢y | 005 | 8¢S | 879 | 00s SANTVA
NOLLVIASQ

G6C | Ch | 00S | w8y [ 8VS | O0S ] ¥¥S | 9Ty | 00G | €6C [ Cvv [ 006 | v9S | 999 [ 00S | 00] 00] 00
e | LGy | 006 | §6p | €06 | 005 | 076 | 2y | 006 | v6S | Zav | 005 | 26 | V9 | 00§ | 00] 00| 00
66 | €S | 006 | 88y | €06 | 005 | 816 | €Sy | 00 | 09| Ozv | 005 | 845 | 129 | 005 | 00| 00| 00
Gee | SIp | 005 | 88y | Z16 | 006 | ¥€G | €20 ] 006 | GBS | ¥€r | 005 | 645 | 999 | 00 | 00| 00| 00
€Ve | v0r | 006 | 92p | 16| 006 | 966 | 94 | 00S | 09| vy | 00 | 9€S | £99 | 005 | 00| 00| 00
0ve | 00p | 006 | 1oy | 65 | 006 | 926 | 96k | 00 | 209 | 61 | 00 | v¥G | 069 | 005 | 00| 00| 00
6€C | 007 | 006 | 005 | 666 | 005 | 916 | 967 | 006 | €19 ] 61 | 005 | e | 069 | 005 | 00| 00| 00
666 | L0y | 006 | 905 | 026 [ 006 | Oy | vy | 006 | zeo | oty | 006 8¢S | 629 | 006 | 00| 00| 00
GLE | w0y | 006 | 6y | 1o | 005 | Zyp | Sob | 008 | 0V | 67 | 006 | €% | 19 | 008 | 00] 00| 00
9.6 [ 8w | 005 | ey | €99 | 008 | #Sy | 006 | 005 | Z%9 | 81 | 005 | 1'€S | 006 | 005 | 00| 00| 00
00| 00




U.S. Patent Mar. 22, 2016 Sheet 15 of 15 US 9,293,113 B2




US 9,293,113 B2

1

IMAGE PROCESSING APPARATUS AND
CONTROL METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image processing appa-
ratus and a control method thereof.

2. Description of the Related Art

Recently various color correction methods (color conver-
sion methods) to match color reproducibility between differ-
ent media, such as between a display apparatus and paper, or
between a display apparatus and a projector, have been pro-
posed. A method of matching color reproducibility between
different media is disclosed, for example, in Japanese Patent
Application Laid-open No. H6-333001. In concrete terms,
Japanese Patent Application Laid-open No. H6-333001 dis-
closes a method of performing color correction processing on
image data to be displayed on a display apparatus or image
data to be printed by a printer, so that the XYZ tristimulus
values of the colors of the image displayed on the display
apparatus and the XYZ tristimulus values of the colors
printed by the printer match. Here the XY Z tristimulus values
are the standard colors specified by CIE (Commission Inter-
nationale de I’Eclairage) that do not depend on a specific
medium (e.g. colors that do not depend on a display appara-
tus). Specifically, the XYZ tristimulus values are psycho-
physical quantities derived by using the spectral distribution
of light that enters the eyes and a color matching function that
indicates the visual sensitivity of a person (virtual person)
having standard visual characteristics (hereafter called “stan-
dard color matching functions”).

However visual characteristics differ depending on the per-
son because of such causes the yellowing of the lens of the
eyes due to aging and the person difference of photoreceptor
cell characteristics. Therefore when an object is observed,
different colors may be recognized depending on the person
(observer). Further, when two objects having different spec-
tral characteristics are observed, some observers may recog-
nize the colors of objects as different, even if the XYZ tris-
timulus values of the two objects are the same. For example,
the spectral characteristics are completely different between a
display apparatus and paper. Therefore even if color correc-
tion processing is performed on image data to be displayed on
a display apparatus such that an image with colors having the
same XYZ tristimulus values as the colors of the image
printed on paper is displayed, some observers may recognize
a difference in the colors of the displayed image and the
colors of the printed image. This phenomena (difference in
color appearance depending on the person) is called
“observer metamerism”.

Atechnique to control the difference in color appearance of
an image due to the difference of the visual characteristics is
disclosed, for example, in Japanese Patent Application Laid-
open Nos. 2005-109583 and 2009-89364. Specifically, Japa-
nese Patent Application Laid-open Nos. 2005-109583 and
2009-89364 disclose a display apparatus that stores a per-
sonal profile of each person, generated by color matching
experiments, and displays the image data after performing
color correction processing using a personal profile of a per-
son who is an observer. The personal profile is correction data
that indicates the visual characteristics of a corresponding
person.

SUMMARY OF THE INVENTION

With the prior art described above however, if a plurality of
observers simultaneously observe one image, only the difter-
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2

ence in color appearance by one observer can be controlled,
and a difference in color appearance cannot be controlled for
each observer. For example, if observers A to C simulta-
neously observe one image according to the prior art
described above, a color correction processing using a profile
of'the observer A is performed on the image, and the corrected
image data is displayed. In this case, the observers B and C,
who have visual characteristics that are different from the
observer A, may recognize colors differently from the
observer A. Furthermore, even if observer A could recognize
the colors of the displayed image and the colors of the printed
image as the same colors, the observers B and C may recog-
nize the colors of the displayed image and the colors of the
printed image as different colors.

The present invention provides a technique that can control
the difference in color appearance depending on each
observer when a plurality of observers simultaneously
observe one image.

The present invention in its first aspect provides an image
processing apparatus comprising:

a storage unit configured to store respective profiles repre-
senting visual characteristics of each of a plurality of persons;
and

a correction unit configured to perform color correction
processing on image data on the basis of the plurality of
profiles corresponding to the plurality of persons stored in the
storage unit.

The present invention in its second aspect provides a con-
trol method for an image processing apparatus comprising:

a reading step of reading a plurality of profiles correspond-
ing to a plurality of persons from a storage unit that stores
respective profiles representing visual characteristics of each
of' the plurality of persons; and

a correction step of performing color correction processing
on image data on the basis of the plurality of profiles read in
the reading step.

According to the present invention, a difference in the color
appearance, depending on the observer, can be controlled
when the plurality of observers observe one image at the same
time.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example of a functional configuration of
an image processing apparatus according to Embodiment 1;

FIG. 2 shows an example of a processing flow executed by
a PC according to Embodiment 1;

FIG. 3 shows an example of an observer selection window
according to Embodiment 1;

FIG. 4 shows an example of a color matching experiment
method according to Embodiment 1;

FIG. 5 shows an example of a personal profile according to
Embodiment 1;

FIG. 6 shows an example of personal chromaticity coordi-
nate values according to Embodiment 1;

FIG. 7 shows an example of a positional relationship of
personal chromaticity coordinate values and group chroma-
ticity coordinate values according to Embodiment 1;

FIG. 8 shows an example of group chromaticity coordinate
values according to Embodiment 1;

FIG. 9 shows an example of a group profile according to
Embodiment 1;

FIG. 10 shows an example of a functional configuration of
an image processing apparatus according to Embodiment 2;
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FIG. 11 shows an example of positional relationships of a
display apparatus, an imaging apparatus and persons accord-
ing to Embodiment 2;

FIG. 12 shows an example of a processing flow executed by
a PC according to Embodiment 2;

FIG. 13 shows an example of chromaticity difference val-
ues according to Embodiment 2;

FIG. 14 shows an example of deviation values according to
Embodiment 2; and

FIG. 15 shows an example of a narrowing down result
according to Embodiment 2.

DESCRIPTION OF THE EMBODIMENTS
Embodiment 1

Now an image processing apparatus according to Embodi-
ment 1 of the present invention and a control method thereof
will be described. The image processing apparatus according
to this embodiment is an apparatus that can execute color
correction processing that corrects a difference in color
appearance of an image due to the difference of visual char-
acteristics.

<Configuration of Apparatus>

FIG. 1 is a block diagram depicting an example of a func-
tional configuration of an image processing apparatus accord-
ing to this embodiment. The image processing apparatus
according to this embodiment is a personal computer (PC)
100 which generates image data, performs color correction
processing on the generated-image data, and outputs the
color-corrected image data. In this embodiment, the PC 100 is
connected to a display apparatus 200, and outputs the image
data to the display apparatus 200. The display apparatus 200
is, for example, a liquid crystal display apparatus, an organic
EL display apparatus, a plasma display apparatus, a projector
or the like, and displays the image data inputted from the PC
100.

In this embodiment, a case of the color correction process-
ing, that is a processing to correct a difference in the color
appearance of an image (displayed image) displayed on the
display apparatus 200, is described as an example, but the
color correction processing is not limited to this processing.
The color correction processing may be a processing to cor-
rect a difference in the color appearance of an image (printed
image) printed on paper.

The PC 100 includes a storage unit 101, a main memory
104, a CPU 105, an operation input unit 106 and an image
data output unit 107.

The storage unit 101 is a nonvolatile storage apparatus. For
the storage unit 101, a hard disk drive (HDD), a solid state
drive (SSD) or the like can be used. Programs and image files
are stored in the storage unit 101 in advance. The programs
stored in the storage unit 101 are, for example, a color pro-
cessing program 102 and an image generation program 103.

The image generation program 103 is software to generate
image data which is outputted to the display apparatus 200.
For example, the image generation program 103 is a GUI
generation program, an image editing program or the like.
The GUI generation program is software to generate data of
graphic user interface (GUI) images, such as a window image
and a menu image. The image editing program is software to
generate image data by reading an image file stored in the
storage unit 101 and decoding that image file, or to edit the
generated image data.
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The color processing program 102 is software to perform
the color correction processing according to this embodiment
on image data generated by the image generation program
103.

The main memory 104 is a storage area (work memory)
that temporarily stores programs read from the storage unit
101, variables used for processing or the like.

The CPU 105 is a central processor unit (CPU) that
executes various control processing operations ofthe PC 100,
and executes the programs stored in the storage unit 101. The
CPU 105 loads the programs stored in the storage unit 101 to
the main memory 104, and executes the programs.

The operation input unit 106 is a user interface, such as a
mouse and keyboard, which the user (operator) uses to oper-
ate the PC 100.

The image data output unit 107 is an interface to output
image data to the display apparatus 200. In this embodiment,
the image data output unit 107 outputs image data, which is
generated by the image generation program 103 and which is
color-corrected by the color processing program 102, to the
display apparatus 200.

By the CPU 105 loading and executing the color process-
ing program 102, an observer selection unit 111, a personal
profile generation unit 112, a personal profile storage unit
113, a group profile generation unit 114, a color correction
unit 115, a control unit 116 or the like are implemented.

The observer selection unit 111 selects two or more per-
sons from a plurality of persons as observers of a display
image. In this embodiment, the observer selection unit 111
selects observers according to the user operation. In concrete
terms, N (N=2) number of persons have been registered as
observer candidates in advance, and the observer selection
unit 111 displays a later mentioned observer selection win-
dow on the display apparatus 200, so that the user selects M
(N=zMz=2) number of observers from N number of observer
candidates.

The personal profile generation unit 112 performs a color
matching experiment (measurement of personal visual char-
acteristics) for a person who is registered as an observer
candidate. Then the personal profile generation unit 112 gen-
erates the result of the color matching (information that indi-
cates the personal visual characteristics of the person regis-
tered as an observer candidate) as a personal profile.

The personal profile storage unit 113 stores a profile to
indicate the personal visual characteristics of a person for
each of the plurality of persons (observer candidates). In
concrete terms, the personal profile storage unit 113 is a data
base that stores the personal profiles generated by the per-
sonal profile generation unit 112.

The group profile generation unit 114 and the color correc-
tion unit 115 perform color correction processing on the
image data, based on the average visual characteristics of a
plurality of persons (observer candidates), using a plurality of
profiles corresponding to the plurality of persons. In this
embodiment, the color correction processing is performed on
the image data, based on the average visual characteristics of
the selected-two or more observers, using the personal pro-
files of the two or more observers. In concrete terms, the
group profile generation unit 114 reads a plurality of personal
profiles corresponding to the plurality of observers, from the
personal profile storage unit 113. Then based on the plurality
of personal profiles, the group profile generation unit 114
generates an average profile of the plurality of observers as a
group profile. The color correction unit 115 performs the
color correction processing, based on the group profile gen-
erated by the group profile generation unit 114, on the image
data generated by the image generation program 103.
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The control unit 116 controls each functional block (func-
tional blocks other than the control unit 116) which is imple-
mented by executing the color processing program 102. For
example, the control unit controls the start and end of pro-
cessing operations by the functional blocks, the transmission
of data between the functional blocks or the like.

In this embodiment, the PC 100 executes the color process-
ing program 102, in other words, the PC 100 executes the
color correction processing, but the present invention is not
limited to this. For example, the display apparatus 200 may
execute the color processing program 102. In other words, the
display apparatus 200 may execute the color correction pro-
cessing.

In this embodiment, the observer selection unit 111 selects
a plurality of observers, but the present invention is not lim-
ited to this. The observer selection unit 111 may select one
observer. In this case, the color correction processing based
on the personal profile of this observer is performed on the
image data.

In this embodiment, the group profile is generated, but the
color correction processing may be executed based on a plu-
rality of profiles without generating the group profile.

<Details on Processing>

An example of the processing flow executed by the PC 100
will be described with reference to FIG. 2. Specifically, an
example of a processing flow of executing the color process-
ing program 102 will be described. The processing flow in
FIG. 2 is started by a user operation that starts processing to
optimize the color appearance to a plurality of observers, for
example.

First the observer selection unit 111 displays an observer
selection window shown in FIG. 3 on the display apparatus
200, so that the user selects persons to be observers (S201).
For example, the observer selection unit 111 generates the
data of the observer selection window, and the image data
output unit 107 outputs the data of the observer selection
window to the display apparatus 200. As FIG. 3 shows, in the
observer selection window, pre-registered names (or identi-
fiers) of N number of observer candidates are displayed selec-
tively on a list. The user selects the names of the observer
candidates to be the observers. In this step, M number of
names of observer candidates are selected. In the case of FIG.
3, the user can select the names of observer candidates by
checking the boxes displayed on the display.

Then the observer selection unit 111 determines whether a
personal profile is generated (S202). If a personal profile is
generated, the processing step advances to S203, and if a
personal profile is not generated, the processing step
advances to S205. As shown in FIG. 3, the observer selection
window has a “register button”, an “OK button” and a “cancel
button”. A personal profile of a person registered as an
observer candidate has already been generated and stored in
the personal profile storage unit 113. The register button is
pressed, for example, to allow a person, who is to be selected
as an observer and who is not registered as an observer can-
didate, to be additionally registered as an observer candidate.
The OK button is pressed to complete the selection of the
names of the observer candidates, for example, in a case
where all the persons to be selected as observers are already
registered as observer candidates. The cancel button is
pressed, for example, when the processing to optimize the
color appearance to a plurality of observers is canceled. In this
embodiment, the observer selection unit 111 determines that
a personal profile is generated when the register button is
pressed. The observer selection unit 111 determines that a
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personal profile is not generated when the OK button is
pressed, and selects the observer candidates of the selected
names as observers.

If the cancel button is pressed, this flow ends.

In this embodiment, it is determined that a personal profile
is generated when an observer candidate is additionally reg-
istered, but it may be determined that a personal profile is
generated when a personal profile of an observer candidate is
updated since personal visual characteristics change with
age. The update of the personal profile of the observer candi-
date may be instructed by the user, or may be determined
automatically. For example, it may be determined that a per-
sonal profile of an observer candidate is updated when a
predetermined time (e.g. one year) has elapsed since this
observer candidate was registered.

In S203, the personal profile generation unit 112 performs
a color matching experiment on a person who is additionally
registered as an observer candidate. In other words, the per-
sonal profile generation unit 112 measures the personal visual
characteristics of the person who is additionally registered as
an observer candidate. Then the personal profile generation
unit 112 generates the result of the color matching experiment
(information to indicate personal visual characteristics of the
person who is registered as an observer candidate) as the
personal profile.

The color matching experiment and the personal profile
will be described with reference to FIG. 4 and FIG. 5.

FIG. 4 is a diagram depicting an example of a color match-
ing experiment method (method of measuring personal visual
characteristics). The personal profile generation unit 112 dis-
plays a test color chart 401 on the display apparatus 200. At
this time, the test color chart 401 is displayed so that the colors
of' the test color chart 401 can be adjusted by user operation.
A reference medium 402 is a reference medium having color
reproducibility, which becomes a target color reproducibility
of the display apparatus 200, or a medium having spectral
characteristics similar to the spectral characteristics of the
reference medium. For example, to match the color reproduc-
ibility of paper and the display apparatus 200, paper is used as
the reference medium. The user adjusts the colors of the test
color chart 401 so that the colors of the reference color chart
403 printed (or displayed) on the reference medium 402 and
the colors of the test color chart 401 are recognized as the
same colors. Then as the personal profile, the personal profile
generation unit 112 generates data representing the colors of
the test color chart 401, which is acquired when the colors of
the reference color chart 403 (predetermined sample colors)
and the colors of the test color chart 401 are recognized as the
same colors. In other words, data representing the colors by
which the corresponding person recognizes the predeter-
mined sample colors is generated as the personal profile. In
this embodiment, the colors of the test color chart are adjusted
for each of a plurality of reference color charts of which
colors are mutually different, so that the colors of the refer-
ence color chart and the colors of the test color chart are
recognized as the same colors. Then for each of the plurality
of reference color charts (a plurality of predetermined sample
colors), data representing the colors by which the correspond-
ing person recognizes the colors ofthe reference color chart is
generated as the personal profile. In concrete terms, for each
of'the plurality of reference color charts, data representing the
difference between the adjusted chromaticity coordinate val-
ues of the test color chart 401, which are acquired when the
colors of the reference color chart and the colors of the test
color chart are recognized as the same colors, and unadjusted
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chromaticity coordinate values of the test color chart (chro-
maticity difference values), is generated as the personal pro-
file.

FIG. 5 shows an example of a personal profile of one
person. In the example in FIG. 5, the personal profile is an
lookup table (LUT) that indicates the chromaticity difference
value for each eleven chromaticity coordinate values corre-
sponding to the eleven reference color charts of which light-
ness is mutually different. In the case of FIG. 5, the chroma-
ticity coordinate values of the reference color chart are
indicated by a L* value, an a* value and a b* value in a Lab
color space, and the chromaticity difference values are indi-
cated by a difference of the L* value, a difference of the a*
value, and a difference of the b* value. The Lab color space is
a color space generated by non-linearly converting the coor-
dinates of the XYZ color space, and the L* component indi-
cates lightness, the a* component indicates hue in the green-
red direction, and the b* component indicates hue in the
blue-yellow direction. In the example in FIG. 5, the lightness
10 of the colors of the test color chart have been adjusted +0.2
toward red, and +0.3 toward yellow from the colors of the
reference color chart, and the adjustment amounts toward red
and yellow increase as the lightness is higher. Here the visual
characteristics of an observer, which can recognize the colors
of the reference color chart and the colors of the test color
chart (test color chart displayed with the same image data as
the reference color chart) as the same colors without adjusting
the test color chart, is called “standard visual characteristics”.
Inthe case of FIG. 5, the personal visual characteristics of the
target person of the color matching experiment are shifted
from the standard visual characteristics by +0.2 toward red
and +0.3 toward yellow at the lightness 10. The shift amounts
(shift amount from the standard visual characteristics) toward
red and toward yellow of the personal visual characteristics of
the target person of the color matching experiment increase as
the lightness increases.

The method described above has been simplified, and the
color matching experiment method is not limited to this
method. For example, in order to acquire a more accurate
personal profile, the personal profile may be generated by a
color matching experiment similar to one for deriving the
standard color matching functions (standard visual character-
istics). In other words, as color matching functions, the pri-
mary color mixing ratio for each wavelength may be derived
from the result of a color matching experiment between the
primary color mixed light and a single wavelength light, and
these color matching functions may be stored in the personal
profile.

The personal profile is not limited to the form in FIG. 5, but
may be any data if the data represents colors by which a
corresponding person can recognize predetermined sample
colors. For example, another coordinate system such as the
XYZ color space or JCh color space may be used.

The personal profile need not be the chromaticity different
values, but may be the chromaticity coordinate values of the
test color chart when the colors of the reference color chart
and the colors of the test color chart are recognized as the
same colors.

The number of the same color may be one.

After S203, the personal profile generation unit 112
records the personal profile generated in S203 in the personal
profile storage unit 113 (S204). Then the processing step
returns to S201, where the user re-selects a person to be an
observer.

In S205 to S208, the group profile generation unit 114
performs color determination processing operations for a part
of the plurality of sample colors. The color determination
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processing is a processing to calculate the chromaticity coor-
dinate values after a group profile is applied (colors repre-
sented by the group profile) based on the chromaticity coor-
dinate values after a personal profile is applied (colors
represented by the personal profile). In concrete terms, as the
colors represented by the group profile, the color determina-
tion processing is a processing to determine the average col-
ors of the colors represented by a plurality of personal profiles
corresponding to the plurality of selected observers. In this
embodiment, it is assumed that a part of the colors (colors to
be the target of the color determination processing) are pre-
determined in advance. In concrete terms, the color determi-
nation processing is performed for the following six chroma-
ticity coordinate values of six types of reference color charts:
(0,0,0), (20,0,0), (40,0,0), (60,0,0), (80,0,0), and (100,0,0).

The number of colors and the types of colors to be the target
of'the color determination processing are not limited to the six
types mentioned above. For example, if the color determina-
tion processing is performed for all the sample colors (all the
reference color charts), a more accurate group profile can be
generated. If all the reference color charts included in the
personal profile are used, an even more accurate group profile
can be generated. If the image data to be the target of the color
correction processing (image data to be observed) is prede-
termined, a color representing the image data may be selected
as a target of the color determination processing. Thereby, a
group profile specific to the observation target image data can
be generated. The color representing the image data is, for
example, a color used in a predetermined number of pixels or
more, an average color of the colors of each pixel, or an
intermediate color of colors of each pixel.

In S205, the group profile generation unit 114 selects one
color out of the sample colors to be the target of the color
determination processing.

In 8206, the group profile generation unit 114 determines
the chromaticity coordinates values for each observer after
applying the personal profile on the sample color selected in
S205 (color represented by the personal profile: personal
chromaticity coordinate values). In this embodiment, the
sample color is a color of the reference color chart, and the
personal chromaticity coordinate values are the values
acquired by adding the chromaticity difference values to the
chromaticity coordinate values of the reference color chart.
FIG. 6 shows the personal chromaticity coordinate values
determined (calculated) from the personal profiles of the
observers A, B, C and D.

The sample color and the color of the reference color chart
may be different. In this case, the personal chromaticity coor-
dinate values corresponding to the sample color can be deter-
mined by interpolation or extrapolation from the personal
chromaticity coordinate values corresponding to the color of
the reference color chart.

In 8207, the group profile generation unit 114 determines
chromaticity coordinate values after applying the group pro-
file (colors represented by the group profile: group chroma-
ticity coordinate values) (color determination processing). In
this embodiment, colors represented by a group profile is
determined so as to minimize the maximum value of a dis-
tance in a predetermined color space between a plurality of
colors represented by a plurality of personal profiles corre-
sponding to a plurality of observers and colors represented by
the group profile. In concrete terms, the group chromaticity
coordinate values Lg, ag and bg are calculated using the
following Expression 1. In Expression 1, Lmax is a maximum
value of personal L* values (L* values of personal chroma-
ticity coordinate values) of the plurality of observers, amax is
amaximum value of personal a* values (a* values of personal
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chromaticity coordinate values) of the plurality of observers,
and bmax is a maximum value of personal b* values (b*
values of personal chromaticity coordinate values) of the
plurality of observers. Lmin is a minimum value of the per-
sonal L* values, (L* values of personal chromaticity coordi-
nate values), of the plurality of observers, amin is a minimum
value of the personal a* values (a* values of personal chro-
maticity coordinate values) of the plurality of observers, and
bmin is a minimum value of the personal b* values (b* values
of'personal chromaticity coordinate values) of the plurality of
observers.

Lg=(Lmax+Lmin)/2
ag=(amax+amin)/2

bg=(bmax+bmin)/2 (Expression 1)

The group chromaticity coordinate values Lg, ag and bg,
determined by using Expression 1, are the points where the
maximum value of the three-dimensional distance in the Lab
color space from the personal chromaticity coordinate values
determined in S206 becomes the minimum. According to the
CIEAE1976 color difference expression, the color difference
AE betweentwo points (1,21, bl)and (1.2, a2, b2) in the Lab
color space can be calculated by the following Expression 2,
and is equal to the three-dimensional distance in the Lab color
space.

AE=((L1-L2)2+(al-a2)2+(b1-b2)2)'2 (Expression 2)

Therefore the point (L.g, ag, bg) determined using Expres-
sion 1 is a point where the maximum value of the color
difference from the chromaticity coordinate values after
applying the personal profile of the observer becomes the
minimum. FIG. 7 shows a positional relationship on the a*b*
chromaticity diagram between the group chromaticity coor-
dinate values determined for the sample color (20,0,0) in FIG.
6 and the personal chromaticity coordinate values of the
observers A, B, C and D. In the case of FIG. 7, amax is the
personal a* value of the observer A, that is “1.0”, and amin is
the personal a* value of the observer B, thatis “0.2”, therefore
ag, which is an a* value in the group chromaticity coordinate
values, is 0.6 (=(1.0+0.2)/2). In the case of FIG. 7, bmax is the
personal b* value of the observer B, that is “1.0”, and bmin is
the personal b* value ofthe observer C, thatis “0.2”, therefore
bg, which is a b* value in the group chromaticity coordinate
values, is 0.6 (=(1.0+0.2)/2). In the same manner, [.g, which
is a L* value in the group chromaticity coordinate values, is
calculated. FIG. 8 shows the group chromaticity coordinate
values for each sample color determined from the personal
chromaticity coordinate values in FIG. 6 using Expression 1.

In the color difference expressions that are more recent
than CIEAE1976, such as CIEAE1994 and CIEAE2000, the
color difference calculation method is more complicated, but
color difference is still represented by the distance in the
three-dimensional space generated by non-linearly convert-
ing the Lab color space. In this case, the group chromaticity
coordinate values can be calculated by substituting the L*
component, the a* component and the b* component in
Expression 1 for the axis components in the space after the
conversion.

The color determination processing method is not limited
to the above method.

For example, L.g may be an average value of the personal
L* values of the selected four observers A to D, ag may be an
average value of the personal a* values of the observers A to
D, and bg may be an average value of the personal b* value of
the observers A to D. In concrete terms, it is assumed that the
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personal chromaticity values of the observer A are (LA, aA,
bA), the personal chromaticity coordinate values of the
observer B are (LB, aB, bB), the personal chromaticity values
of'the observer C are (LC, aC, bC), and the personal chroma-
ticity coordinate values ofthe observer D are (LD, aD, bD). In
this case, Lg=(LA+LB+LC+LD)/4, ag=(aA+aB+aC+aD)/4,
and bg=(bA+bB+bC+bD)/4 may be established.

The personal L* values used for the calculating [.g are not
limited to Lmax and Lmin. For example, if three or more
observers are selected, a personal L* value (Lmax2) that is the
greatest value next to Lmax, a personal .* value (Lmin2) that
is the smallest next to Lmin, may be used out of the personal
L* values of the plurality of observers, or an intermediate
value of the personal L* values of the plurality of observers
may be used. If Lmax, Lmax2 and Lmin are used to calculate
Lg, then Lg can be calculated, for example, by using expres-
sion Lg=((Lmax+Lmax2+Lmin)/3). If Lmax, Lmax2, Lmin
and Lmin2 are used to calculate Lg, then L.g can be calculated,
forexample by using Lg=((Lmax+Lmax2+L.min+L.min2)/4).
This applies to ag and bg as well.

The distance between colors is not limited to a distance in
the Lab color space. For example, a distance in another color
space, such as the XYZ color space and the JCh color space
may be used.

In S208, the group profile generation unit 114 determines
whether the group chromaticity coordinate values were deter-
mined for all of the selected colors (color determination pro-
cessing target sample colors). If a sample color of which
group chromaticity coordinate values are not selected exists
in the color determination processing target sample colors,
the processing step returns to S205, where the sample color,
of' which group chromaticity coordinate values are not deter-
mined, is selected as the color determination processing tar-
get. If the group chromaticity coordinate values are deter-
mined for all the color determination processing target
sample colors, the processing step advances to S209.

In S209, the group profile generation unit 114 generates a
group profile. In this embodiment, the color determined in
S207 is used for the color determination processing target
sample color, as the color represented by the group profile.
For the rest of the sample colors (sample colors outside the
color determination processing targets), the colors repre-
sented by the group profile are determined by interpolation or
extrapolation. In concrete terms, for the sample colors of
which group chromaticity coordinate values are determined,
the difference between the chromaticity coordinate values of
the sample color and the group chromaticity coordinate val-
ues is calculated as the chromaticity difference values of th
group profile. For the rest of the sample colors, the chroma-
ticity difference values of the group profile is calculated by
interpolation or extrapolation. FIG. 9 shows the stored values
of a group profile calculated using the group chromaticity
coordinate values in FIG. 8 (chromaticity difference values
for each chromaticity coordinate value of the reference color
chart (that is, the chromaticity coordinate values of the
sample color)). FIG. 9 is an example when the chromaticity
difference values of the group profile were calculated for the
sample colors outside the color determination processing tar-
gets, using a linear interpolation method. The method of
interpolation or extrapolation is not limited to a linear inter-
polation method. For example, for the sample colors outside
the targets, the chromaticity difference values of the group
profile may be calculated using a high order function.

Then the color correction unit 115 performs the color cor-
rection processing, which is based on the group profile gen-
erated in S209, on the image data generated by the image
generation program 103, so as to generate the display image
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data (S210). The display image data is outputted to the dis-
play apparatus 200 via the image data output unit 107, and is
displayed.

As described above, according to this embodiment, the
color correction processing, which is based on the average
visual characteristics of a plurality of observers, is performed
on the image data using the plurality of personal profiles
corresponding to the plurality of observers. Thereby a differ-
ence in the color appearance, depending on the observer, can
be controlled when the plurality of observers observe one
image at the same time. Moreover, when the plurality of
observers observe one image at the same time, all the observ-
ers can observe the image with color reproduction character-
istics similar to the reference medium.

The color correction processing based on the average
visual characteristics of all of the plurality of persons (ob-
server candidates) may be performed on the image data using
a plurality of profiles corresponding to the plurality of per-
sons. For example, the color correction processing based on
the average visual characteristics of all the eight observer
candidates A to H shown in FIG. 3 may be performed on the
image data, using the profiles of all the eight observer candi-
dates A to H. By this configuration as well, an effect similar to
the above mentioned effect can be expected. However if the
number of observers (persons who are considered when a
group profile is generated) are narrowed down, a more accu-
rate group profile can be generated. In the case of this con-
figuration, the observer selection unit 111 is unnecessary.

Embodiment 2

Now an image processing apparatus according to Embodi-
ment 2 of the present invention and a control method thereof
will be described. In Embodiment 1, an example of selecting
a plurality of persons to be observers in accordance with the
user operation was described. In this embodiment, an
example of selecting persons to be observers based on the
positional relationship between a person and the display
apparatus (display apparatus that displays color-corrected
image data) and the deviation from the average visual char-
acteristics of a plurality of persons (observer candidates) will
be described.

<Configuration of Apparatus>

FIG. 10 is a block diagram depicting an example of a
functional configuration of an image processing apparatus
according to this embodiment. A function the same as
Embodiment 1 is denoted with the same reference symbol, for
which description is omitted.

An imaging apparatus 300 is a camera that photographs an
area in front of the display apparatus 200 (display apparatus
that displays color-corrected image data).

An apparatus control unit 1001 controls in accordance with
the color processing program 102 the photographing by the
imaging apparatus 300 and the acquisition of image data
(image data generated by photographing) by the imaging
apparatus 300. In concrete terms, the color processing pro-
gram 102 (person detection unit 1002) outputs a photograph-
ing instruction to the apparatus control unit 1001. The appa-
ratus control unit 1001 allows the imaging apparatus 300 to
photograph according to a photographing instruction, and to
acquire the image data from the imaging apparatus 300. FIG.
11 shows an example of a positional relationship of a display
apparatus 200, the imaging apparatus 300 and persons. FIG.
11 shows the apparatuses viewed from the top, where six
persons A to F exist in front of the display apparatus 200. The
imaging apparatus 300 is installed at the center of the upper
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part of the display apparatus 200, and photographs an area in
front of the display apparatus 200.

An person detection unit 1002 outputs a photographing
instruction to the apparatus control unit 1001, and acquires
imaging data via the apparatus control unit 1001. Then the
person detection unit 1002 detects (identifies) from imaging
data the observer candidates who exist in front of the display
apparatus 200 (first identification processing). All of the pho-
tographed observer candidates may be detected, or the
observer candidates photographed in a part of the photo-
graphing area may be detected.

A deviation determination unit 1003 calculates the devia-
tion from the average visual characteristics of a plurality of
observers for each observer candidate, using a plurality of
personal profiles corresponding to a plurality of persons (ob-
server candidates). Then the deviation determination unit
1003 identifies a person (observer candidate) having personal
visual characteristics of which an absolute value of deviation
is less than a predetermined value (second deviation process-
ing).

An observer narrowing down unit 1004 selects the persons
(observer candidates) identified in both the first identification
processing and in the second identification processing as
observers. In this embodiment, the observer narrowing down
unit 1004 narrows down the number of persons selected as
observers by user operation (“user-selected persons™). In con-
crete terms, the observer narrowing down unit 1004 selects
the persons identified in both the first identification process-
ing and the second identification processing, out of the user-
selected persons.

<Details of Processing>

An example of the processing flow executed by the PC 100
according to Embodiment 2 will be described with reference
to FIG. 12. In concrete terms, an example of the processing
flow performed by executing a color processing program 102
will be described. The processing flow in FIG. 12 is started by
a user operation that starts processing to optimize the color
appearance to a plurality of observers, for example.

First the person detection unit 1002 outputs a photograph-
ing instruction to the apparatus control unit 1001, and
acquires the image data via the apparatus control unit 1001.
Then the person detection unit 1002 analyzes the image data
and detects (identifies) the observer candidates who exist in
front of the display apparatus 200 (S1201). In concrete terms,
in this embodiment, the person identification information of
each observer candidate (information representing the char-
acteristics of the observer candidate) has been recorded in the
personal profile storage unit 113. The person detection unit
1002 analyzes the photographed data, and detects a photo-
graphed person. The person detection unit 1002 compares the
characteristics of the detected person and personal identifica-
tion information of each observer candidate, and specifies the
detected person. In other words, a detected person is deter-
mined from the observer candidates. Then based on the posi-
tion of the detected observer candidate, the person detection
unit 1002 selects observer candidates who exist in front of the
display apparatus 200 (“frontal observer candidates™), out of
the detected observer candidates. In the case of FIG. 11, the
persons A, B, C and D are selected out of the detected persons
A, B, C, D, E and F as the frontal observer candidates.

The characteristics of a person are, for example, a facial
image of the person or the facial characteristics of the person.
The personal identification information is, for example, a
facial image of the corresponding observer candidate, or
information to represent the facial characteristics of the cor-
responding observer candidate. The personal identification
information is included in a personal profile, for example. The
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processing to detect photographed persons and the processing
to determine a detected person from the observer candidates
are performed using an existing facial analysis technique, for
example.

Then the processing in S1202 is executed. Since the pro-
cessing in S1202 is the same as the processing in S201 of
Embodiment 1 (FIG. 2), description thereof is omitted. How-
ever in S1202, the user may select persons from the frontal
observer candidates selected in S1201 (persons identified in
the first identification processing). The user may select per-
sons from the persons selected in the later mentioned S1206
(person identified in the second identification processing).
The user may also select persons from the persons selected in
both S1201 and S1206 (persons identified in both the first
identification and the second identification processing opera-
tions). Here it is assumed that the user selected the persons A,
B, C, D and E from all the observer candidates.

Then the processing in S1203 is executed. Since the pro-
cessing in S1203 is the same as the processing in S202 of
Embodiment 1 (FIG. 2), the description thereof is omitted. If
a personal profile is generated, the processing operations in
S1204 and S1205 are executed, then the processing step is
returned to S1202. If a personal profile is not generated, the
processing step advances to S1206. Since the processing in
S1204 and S1205 are the same as the processing operations in
S203 an S204 of Embodiment 1 (FIG. 2), description thereof
is omitted.

In S1206, the deviation determination unit 1003 calculates
the deviations for the persons the user selected in S1202, and
selects the user-selected persons whose absolute value of the
deviation is less than a predetermined value, as the small
deviation observer candidates. Deviation may be calculated
for the frontal observer candidates selected in S1201, or
deviation may be calculated for the observer candidates
selected in S1201 and in S1202 as well. Deviation may be
calculated for all the observer candidates. In concrete terms,
the deviation determination unit 1003 calculates the deviation
values using the following Expression 3 for each user-se-
lected person. A deviation value Tli is a deviation value of an
L* component of a person i. A deviation value Tai is a devia-
tion value of an a* component of the person i. Thi is a devia-
tion value of a b* component of the person i. Then the devia-
tion determination unit 1003 selects the person i of which
deviation values TLi, Tai and Thi are within a predetermined
range, as the small deviation observer candidates.

[Math. 1]
P 10(Lij - Ly j) (Expression 3)
(7. +50]
TLi= ! -
= P
P e .
10(aij -
2(7@/ ait)) +50)
_— = oaj
ai = —_—
P 10(bij - buj)
Z(f +50]
Thi= 2 il
= f

In Expression 3, Lij, aij and bij denote chromaticity difter-
ence values (L* component, a* component and b* compo-
nent) of the person i, and are the chromaticity difference
values with respect to a reference color chart j (j is an integer
of 1 or more, P or less). Lyj, apj and byj denote average
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chromaticity coordinate values of the personal chromaticity
coordinate values of all the observer candidates (average
chromaticity coordinate values), and are the average chroma-
ticity coordinate values with respect to the reference color
chart j. olj, oaj and obj denote standard deviations. The
method of calculating the average chromaticity coordinate
values is not especially limited. For example, the average
chromaticity coordinate values may be an average value of
the personal chromaticity coordinate values of all the
observer candidates, or may be calculated using Expression
1.

The deviation values TLi, Tai and Tbi calculated by
Expression 3 are arithmetic mean values of the deviation
values for each reference color chart. For example, if the
personal visual characteristics are an average of the visual
characteristics of all the observer candidates, then TLi=50,
Tai=50 an Thi=50. FIG. 13 shows an example of chromaticity
difference values (chromaticity difference values for each
reference color chart) ofthe persons A, B, C, D and E. FIG. 14
shows an example of the deviation values of the persons A, B,
C, D and E. In concrete terms, FIG. 14 shows an example of
the deviation values for each reference color chart and final
deviation values (arithmetic mean values of the deviation
values for each reference color chart). If the chromaticity
difference values are the values shown in FIG. 13, the devia-
tion values are the values shown in FIG. 14. According to F1G.
14, the deviation values (TLi, Tai, Thi) of the person A to E are
(50.0, 62.8, 53.8) (50.0, 43.5, 60.3) (50.0, 47.0, 50.5), (50.0,
53.9, 49.1) and (50.0, 42.7, 36.1) respectively. If the persons
of which TLi, Tai and Thi are within a 40 to 60 range are
selected as the small deviation observer candidates, then the
persons A, B, C and D are selected as the small deviation
observer candidates.

The purpose here is to remove the persons, of which visual
characteristics are clearly different from the visual character-
istics of other persons, from the observer candidates, and the
method of selecting the small deviation observer candidates
(the method of calculating the deviation values, the range of
deviations to select the small deviation observer candidates or
the like) is not limited to the above mentioned method. For
example, “+50” in Expression 3 may be omitted. In this case,
the deviations are acquired as TLi, Tai and Thi, so a person i,
of which absolute value of TLi, absolute value of Tai and
absolute value of Thi are less than a predetermined value, is
selected as the small deviation observer candidates.

After S1206, the observer narrowing down unit 1004 nar-
rows down the user-selected persons selected in S1202, based
on the selection results in S1201 and S1206, so as to deter-
mine the observers (S1207). In concrete terms, out of the
user-selected persons selected in S1202, the user-selected
persons as the frontal observer selected in S1201, and
selected as small deviation observer candidates in S1206 are
selected as the observers. In other words, the persons (ob-
server candidates) who were selected as the frontal observer
candidates in S1201, and selected as the small deviation
observer candidates in S1206, out of the persons selected as
the user-selected persons in S1202, are selected as the observ-
ers. FIG. 15 shows an example of the narrowing down result.
FIG. 15is a case when the persons A to E were selected as the
user-selected persons. In the case of FIG. 15, the persons A, B
and C who were the frontal observer candidates and the small
deviation observer candidates are selected as the observers
after the narrowing down process.

After S1207, the processing operations in S1208 to S1213
are executed. Since the processing operations in S1208 to
S1213 are the same as the processing operations in S205 to
S210 of Embodiment 1 (FIG. 2), the description thereof is
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omitted. Except that in S1209 and unlike S206, the personal
chromaticity coordinate values are calculated for the observ-
ers selected in S1207.

As described above, according to this embodiment, per-
sons to be the observers are selected based on the positional
relationship between each person and the display apparatus,
and deviation from the average visual characteristics of a
plurality of persons. Thereby the difference in color appear-
ance depending on the observer can be controlled more. For
example, person located at positions where accurate observa-
tion is difficult are more likely not to view an image, where
color reproduction processing (processing to make colors
closer to the color reproduction characteristics of the refer-
ence medium) is not very effective for such persons. Further,
if the visual characteristics of persons, of which visual char-
acteristics are obviously different from that of other persons,
are considered when a group profile is created, the accuracy of
the color reproduction processing for the other persons
diminishes. According to this embodiment, such persons can
be removed from the observers group. As a result, persons
appropriate as observers can be selected, therefore the accu-
racy of the color reproduction processing for each observer
can be further enhanced, and the difference in color appear-
ance depending on the observer can be controlled more.

Individuals who are at least identified in the first identifi-
cation processing may be selected as the observers. In this
case, the deviation determination unit 1003 is unnecessary.
Individuals who are at least identified in the second identifi-
cation processing may be selected as the observers. In this
case, the person detection unit 1002 is unnecessary. However
if both of the processing results of the first identification
processing and the second identification processing are con-
sidered, the difference in color appearance depending on the
observer can be controlled more than the case of considering
only one processing result.

In this embodiment, an example of narrowing down the
persons selected as observers by user operation (user-selected
persons) was shown, but the present invention is not limited to
this configuration. Individuals to be observers may be
selected out of the plurality of observer candidates based on
the positional relationship with respect to the display appa-
ratus or deviation of visual characteristics. However if the
user operation to select persons as the observers is consid-
ered, the difference in color appearance depending on the
observer can be controlled more compared with the case of
not considering the user operation.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

Aspects of the present invention can also be realized by a
computer of a system or apparatus (or devices such as a CPU
or MPU) that reads out and executes a program recorded on a
memory device to perform the functions of the above-de-
scribed embodiment(s), and by a method, the steps of which
are performed by a computer of a system or apparatus by, for
example, reading out and executing a program recorded on a
memory device to perform the functions of the above-de-
scribed embodiment(s).

This application claims the benefit of Japanese Patent
Application No. 2013-101114, filed on May 13, 2013, which
is hereby incorporated by reference herein in its entirety.

What is claimed is:

1. A control method for an image processing apparatus
comprising:
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a reading step of reading a plurality of profiles correspond-
ing to a plurality of persons from a storage unit that
stores respective profiles representing visual character-
istics of each of the plurality of persons;

a correction step of performing color correction processing
on image data on the basis of the plurality of profiles read
in the reading step; and

an output step of outputting the image data, on which the
color correction processing is performed, to a display
unit, wherein

in the correction step, color correction processing based on
average visual characteristics of the plurality of persons
is performed on the image data by using the plurality of
profiles read in the reading step.

2. The control method for an image processing apparatus

according to claim 1, wherein

in the correction step, color correction processing based on
the average visual characteristics of all of the plurality of
persons is performed on the image data by using the
plurality of profiles read in the reading step.

3. The control method for an image processing apparatus

according to claim 1, further comprising,

a selection step of selecting two or more persons from the
plurality of persons, wherein

in the correction step, color correction processing based on
average visual characteristics of the two or more persons
is performed on the image data by using the profiles of
the two or more persons selected in the selection step,
out of the plurality of profiles.

4. The control method for an image processing apparatus

according to claim 3, wherein

inthe selection step, a person is selected in accordance with
a user operation.

5. The control method for an image processing apparatus

according to claim 3, wherein

in the selection step, a person located in front of a display
apparatus is selected, the display apparatus displaying
the image data on which color correction processing was
performed.

6. The control method for an image processing apparatus

according to claim 3, wherein

in the selection step, a person having visual characteristics,
of which absolute value of deviation from the average
visual characteristics of the plurality of persons, is less
than a predetermined value is selected on the basis of the
plurality of profiles.

7. The control method for an image processing apparatus

according to claim 3, wherein

in the selection step,

first identification processing is performed to identify a
person located in front of'a display apparatus, the display
apparatus displaying the image data on which color cor-
rection processing was performed,

second identification processing is performed to identify a
person having visual characteristics, of which absolute
value of deviation from the average visual characteris-
tics of the plurality of persons, is less than a predeter-
mined value, based on the plurality of profiles, and

apersonidentified in both the first identification processing
and the second identification processing is selected.

8. The control method for an image processing apparatus

according to claim 1, wherein

the correction step includes:

a generation step of generating an average profile of the
plurality of persons as a group profile, on the basis of the
plurality of profiles; and
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a color correction step of performing color correction pro-
cessing on the image data, on the basis of the group
profile generated in the generation step.

9. The control method for an image processing apparatus

according to claim 8, wherein

the profile represents color allowing a corresponding per-
son to recognize predetermined sample color, and

in the generation step, a group profile is generated by
performing color determination processing for deter-
mining an average color of a plurality of colors, repre-
sented by the plurality of profiles, as a color represented
by the group profile.

10. The control method for an image processing apparatus

according to claim 9, wherein

the profile represents respective colors to allow a corre-
sponding person to recognize each of a plurality of pre-
determined sample colors, and

in the generation step, a group profile is generated by
performing the color determination processing for each
of the plurality of sample colors.

11. The control method for an image processing apparatus

according to claim 9, wherein

the profile represents respective colors to allow a corre-
sponding person to recognize each of a plurality of pre-
determined sample colors, and

in the generation step, a group profile is generated by
performing the color determination processing for a part
of the colors out of the plurality of sample colors, and
determining colors represented by the group profile by
interpolation or extrapolation for the rest of the plurality
of sample colors.

12. The control method for an image processing apparatus

according to claim 11, wherein

the part of the colors is predetermined.

13. The control method for an image processing apparatus

according to claim 11, wherein

the part of the colors are colors that represent image data on
which the color correction processing is performed.

14. The control method for an image processing apparatus

according to claim 8, wherein
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the color determination processing is processing to deter-
mine colors represented by the group profile, so as to
minimize the maximum value of distances between a
plurality of colors represented by the plurality of profiles
and color represented by the group profile in a predeter-
mined color space.
15. A non-transitory computer readable recording
medium, storing a program for a computer to execute each
step of a control method for an image processing apparatus,
wherein
the control method comprises
a reading step of reading a plurality of profiles corre-
sponding to a plurality of persons from a storage unit
that stores respective profiles representing visual
characteristics of each of the plurality of persons

acorrection step of performing color correction process-
ing on image data on the basis of the plurality of
profiles read in the reading step; and

an output step of outputting the image data, on which the
color correction processing is performed, to a display
unit, and

in the correction step, color correction processing based on
average visual characteristics of the plurality of persons
is performed on the image data by using the plurality of
profiles read in the reading step.

16. An image processing apparatus comprising:

a storage unit configured to store respective profiles repre-
senting visual characteristics of each of a plurality of
persons;

a correction unit configured to perform color correction
processing on image data on the basis of the plurality of
profiles corresponding to the plurality of persons stored
in the storage unit; and

an output unit configured to output the image data, on
which the color correction processing is performed, to a
display unit, wherein

the correction unit performs color correction processing
based on average visual characteristics of the plurality of
persons, on the image data by using the plurality of
profiles stored by the storage unit.
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